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AN ALIGNMENT CHART FOR UPPER WIND VECTOR COMPUTATIONS 
INVOLVING LARGE HORIZONTAL DISTANCES 


as FRANK GIFFORD, JR. 
pas U. S. Weather Bureau, Washington, D. C. 


{Manuscript received November 21, 1951] 


' The standard method for getting winds aloft data from 


successive pibal or rawin distance-out and elevation-angle: 
determinations fails when the horizontal distance involved ‘ 


isgreater than a few miles, owing to the limitation imposed’ 


on the graphical wind vector computation by the size of - 
the plotting boards now in use. Since the trend in wind. 


soundings is to greater heights, and consequently ‘to 


greater horizontal distances, alternatives to the graphical | 

technique are of interest. Direct calculation of the vector ~ 
A wind vector’ 
calculation for use at great horizontal distances, when the ~ 


components is possible but cumbersome. 


difference between successive azimuths is small, will be 
described, together with an alignment chart for performing 
the computations. 

When the angular difference between successive azimuth 
observations on a balloon or target is small, less than 5.8 
degrees, the sine and the radian measure of this angle differ 
in at most the fourth significant figure. Referring to 
figure 1, this means that, with an error of less than one 
percent, 

d, cos a=d, 


leading to the following simple formulas from which, 
given successive horizontal distances out and azimuths, 
the wind vector can be found: 


_d,sin a 1 

d, sin @ 

sin B (2) 


983614—52 


of a transparent straightedge. 


Here d, is the smaller of d; and d;, the horizontal distances 


. out at successive readings, a is the difference between suc - 
‘cessive azimuths, 8 is the smaller of the two remaining 


anglés of the triangle, and D is the absolute value of the 
wind vector. If d, cos a is substituted for d; in the de- 
nominator of equation (1), the equations will be exact. 
The greatest error which can arise because of the approxi- 
mation amounts to about .1° in 8 and .1 percent in D. 

» Figure 2 is an alignment chart, of the set-square index 


type, for solving equations (1) and (2). As in the example 


included with the figure, d, or d,, whichever is smaller, aud 
a are first aligned on scales I and II, most readily by means 
A perpendicular to this 
line through |d,—d,| on III passes through 8 on the upper 
scale of IV, and a second perpendicular through 8 on the 
lower scale of IV passes through D on III. Practically, 
an ordinary drafting triangle, slid along the straightedge, 


FIGURE 1.—Triangle to be solved in determining the wind vector D, given successive 
horizontal distances out, d; and ds, and difference, a, between successive azimuths. 
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Pased on equations (1) and (2). 


t chart for upper wind vector computations involving large 
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gives these perpendiculars quickly. The true wind direc- 
tion is obtained by combining 8 with the second azimuth, 
A,, in one of four possible ways, according to the following 
rules: 

If A; and A, are successive azimuth observations 


a) A,—A,>0 
1) d,>d,, direction=A,+ 8 + 180° 
2) dy<d,, direction=A,—8 

b) A,—A;<0 
1) d,>d,, direction=A,—8 + 180° 
2) d.<d,, direction=A,+8 


If values of D are read from the upper seale of III, they 
will be in distance units per minute (assuming a one- 
minute interval between readings). The lower scale of IIT 
converts this to units per second. Thus the calculation 
may be carried out in any distance units which are con- 
venient. As an example, these values are given: 


239.1° 
A,= 243.1° 

a= A,—A, =+4° (>0) 
d,= 30,000 ft. 

d,= 31,000 ft. 


d,|= 1,000 ft. 


Following the light guide lines on the figure, it is found 
that: 

B=64.3° 

direction =A, + 8— 180°=127.4° 

D=2,300 ft./min.=38 ft./see. 
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These calculations can, of course, be done on the ordi- 
nary sliderule. Apart from the intrinsic interest possessed 
by this form of nomogram, its main advantages are speed 
and simplicity. Thus, the calculation requires three 
operations on the alignment chart, but a minimum of 
seven on the slide rule. Furthermore, no special atten- 
tion need be paid to the location of the decimal point, 
since each scale is designed only for a particular range; 
and consequently there is no danger of applying the chart 
to values of a or d; for which the formulas are not valid. 
The chart can be extended down to arbitrarily small 
values of a by (mentally) dividing scale I] by an appro- 
priate power of ten, and multiplying scale I by the same 
power. In the example given, for instance, values of 
a=.4° and d,=300,000 ft. could have been used, with the 
same result. 

Practically speaking, the horizontal distance over which 
the formulas will give a reasonably good answer is bounded 
on the upper side by the fact that above 50 miles or so 
the curvature of the earth introduces an increasingly 
important error into the distance-out determination. 
Otherwise, this chart is a valid, convenient alternative to 
present methods. Its accuracy depends mainly on the 
size of the scales and in this respect equals that of a small 
slide rule, which is ample for the problem. Alignment 
charts have not been applied in routine meteorological 
calculation to an extent which appears to be consistent 
with their popularity and proved utility in other fields. 
One of the main reasons for this presentation is that it is 
a good example of the advantages of speed and conciseness 
available through the use of these diagrams. 
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THE WEATHER AND CIRCULATION OF DECEMBER 1951' 
| WILLIAM H. KLEIN. 
Extended Forecast Section, U. §. Weather Bureau, Washington, D. C. 


The mean 700-mb. circulation in the Northern Hemis- 
phere during the month of December 1951 (fig. 1) was 
characterized by the presence of three long (planetary) 
waves in the main band of westerlies at middle latitudes. 
The principal troughs composing this wave pattern were 
located in east-central North America, the western Pacific, 
and western Asia; while the ridges were found in the 
eastern Pacific, central Siberia, and western Europe. At 
higher latitudes abnormally deep Lows, near Baffin Island, 
east Greenland, and Spitzsbergen, dominated the circula- 
tion. The wave number was considerably greater at low 


1 See Charts I-XV following p. 225 for analyzed climatological data for the month. 


7 


iso 


latitudes, where six “High” cells and an equal number of 
troughs were present. The low-latitude trough in the 
eastern Pacific, off Lower California, extended northward 
to about 33° N. This latitude also marked the southerp 
boundary of the trough located in eastern Canada at high 
latitudes and in the central United States at middle 
latitudes. As a result, a well-marked zone of confluence 
between warm southwesterly and cold northwesterly flow 
was centered in northeast Texas. 

Further details of the Western Hemisphere circulation 
in December 1951 are revealed by the field of mean 
700-mb. geostrophic wind speed shown in figure 2. The 


FiGURE 1.—Mean 700-mb. chart for the 30-day period December 1-30, 1951. Contours at 200-ft. intervals are shown by solid lines, intermediate contours by lines with long dashes, and 
700-mb. height departures from normal at 100-ft. intervals by lines with short dashes with the zero isopleths heavier. Anomaly centers and contours are labeled in tens of feet. 


Minimum latitude trough locations are shown by heavy solid lines. 
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average wind in the United States attained its maximum 
speed (over 20 m. p. s. or 45 m. p. h.) in southwesterly 
fow just downstream from the confluence zone in Texas 
and just east of the trough in the Central Plains. This 
jet extended with virtually undiminished strength across 
the entire North Atlantic Ocean into southern Scandinavia. 
[ts intensity was much greater than normal, as indicated 
by the fact that 700-mb. heights were above normal (fig. 1) 
over most of the southeastern United States, central 
Atlantic, and southern Europe, but well below normal 
over Canada, the northern Atlantic, and northern Europe. 
This jet stream was associated with severe storminess 
over the northern Atlantic during the last week of Decem- 
ber, when three sizable ships sank off the coast of Europe 
and the freighter, Flying Enterprise, was abandoned by 
all but its gallant captain, Kurt Carlsen. In the eastern 
Pacific and western North America the jet stream was 
considerably weaker, with maximum wind speeds of only 
4m. p. s. (31 m. p. h.) in northwesterly flow off the coast 
of Oregon. The jet was slowest south of Kodiak as it 
traversed a mean ridge and strong positive 700-mb. 
height anomaly center (+460 feet located at 50° N., 
155° W.). In fact, the westerlies were generally weaker 
than normal throughout the Pacific, as indicated by the 
presence of a broad belt of positive 700-mb. height 
anomalies at middle latitudes. 

Figures 1 and 2 portray the mean state of the circulation 
in December. Additional information can be obtained 
by considering the day-to-day variability of the circula- 
tion during this month. The 24-hour or interdiurnal 
pressure changes at sea level were therefore averaged, 
without regard to sign, at standard 5° intersections of 
latitude and longitude and then plotted and analyzed, 
as illustrated in figure 3. The greatest amount of pressure 


oe 


variability, averaging more than 12-mb. per day, was 
observed in the northern Atlantic in a belt extending 
from Nova Scotia to Iceland. The location and orienta- 
tion of this belt was similar to that normally found during 
winter [1], but the magnitude of this month’s pressure 
changes was greater than normal, and the center of maxi- 
mum change (15 mb.) was located just southeast of 
Newfoundland rather than northwest of the island as 
normally observed. Another center of maximum inter- 
diurnal pressure change was located in the Central Great 
Plains of the United States, where the average change of 
over 10 mb. per day was more than twice its normal 
value. The zonal axis of maximum interdiurnal change 
in the north-central United States was generally south of 
its normal position along the Canadian border, so that 
daily pressure variability exceeded normal in most of the 
United States, except for the upper Lakes and Southeast. 
On the other hand, daily pressure variability was below 
normal in most of Greenland, eastern Canada, southern 
Alaska, and British Columbia. In all parts of the map 
south of 40° N. pressure variability generally decreased 
with latitude in the usual fashion, with average changes 
of less than 1 mb. per day observed at extremely low 
latitudes. 

Comparison of figures 2 and 3 reveals some interesting 
parallels between the patterns of wind speed, derived 
from the monthly mean chart at 700 mb., and pressure 
variability, derived from 30 daily maps at sea level. In 
all sections the mean jet stream at 700 mb. generally 
meandered parallel to, but slightly south of, the primary 
axis of maximum interdiurnal pressure change. Values 
of both elements were generally high in middle latitudes 
but less in tropical and polar regions. A conspicuous 
exception, however, was found in northern Alaska and 
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‘URE 2—Mean geostrophie (total horizontal) wind speed at 700 mb. for the 30-day’ 
period December 1-30, 1951. Solid lines are isotachs at intervals of 4 meters per second, 
While the double arrowed lines delineate the axes of maximum wind speed (jets). Areas 
with speeds in excess of 12 m/sec. are stippled while those with less than 4 m/sec. are 
hatched. Centers of maximum and minimum wind speed are labeled “F” and “8” 
respectively. 


Ficurg 3.—Geographical distribution of absolute average interdiurnal pressure change 
at sea level for the period December 1-30, 1951. Isopleths at 2-millibar intervals are 
shown by solid lines with intermediate isopleths dashed. Areas with average pressure 
change less than 4 millibars are hatched, while those with more than 8 millibars are 
stippled. Centers of maximum and minimum pressure change are labeled “H” and 
“L” respectively. 
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Ficure 4.—Geographical frequency of tracks of anticyclones (A) and cyclones (B) 
observed during month of December 1951 within approximately equal-area boxes of 
size 5 midlatitude degrees of longitude by 5° of latitude. The isopleths are drawn at 
intervals of 2, and areas of zero frequency are stippled. The principal anticyclone and 
cyclone tracks are indicated by open and solid arrows, respectively, and are broken in 
areas of maximum frequency. All data obtained from Charts IX and X. 


western Canada, where an axis of maximum pressure 
variability had no direct counterpart in the wind field. 
It is also noteworthy that in the northern Atlantic, central 
United States, and northern Alaska, pressures were more 
changeable than normal and, correspondingly, the wester- 
lies at 700 mb. were stronger than normal. Although the 
isopleths in figure 3 are primarily zonal in orientation, 
regions in which pressure variability exceeded the lati- 
tudinal average were found chiefly in the western Atlantic, 
western Pacific, Great Plains of the United States, and 
western Canada. All these regions, except the last, were 
occupied by minimum-latitude troughs at either 700 mb. 
(fig. 1) or sea level (Chart XI). Conversely, in the mean 
ridges at sea level and aloft, in the eastern parts of the 
Atlantic, United States, and Pacific, interdiurnal pressure 
changes generally averaged less than the latitudinal mean. 
Thus the field of average daily pressure variability over 
most sections appears to be defined fairly well by the 
mean wind field and mean circulation pattern, despite 


the fact that variability cannot be determined from meg 
values. 

Interpretation of the general circulation is facilitate 
further by reference to the tracks of anticyclones ani 
cyclones, Charts IX and X. In order to delineate thy 
principal tracks in a more objective manner, the numbe 
of tracks crossing squares of approximately 5° wer 
counted, plotted, and analyzed, separately for anticyclone 
and cyclones. Idealized tracks were then drawn through 
the axes of maximum track frequency, as illustrated jy 
figure 4. Since this figure takes no account of intensity 
of centers, it cannot be expected to correspond exactly to 
figures 2 and 3. Nevertheless, some striking similarities 
are apparent. 

Throughout the Western Hemisphere the axis of the 
700-mb. jet stream was in close proximity to a principal 
track of both anticyclones and cyclones. The former track 
was found in the region of anticyclonic shear just south of 
the jet, while the latter was located in cyclonic shear to 
the north. The cyclone track just north of the jet stream 
corresponded closely with the primary zonal axis of max- 
mum interdiurnal pressure change at middle latitudes, 
although some anticyclones were also responsible for large 
pressure variability in this zone. The region of maximun 
pressure change in Alaska and northwest Canada, however, 
was traversed by slightly more anticyclones than cyclones. 
Migratory cyclones and anticyclones were infrequent in 
Greenland, eastern Canada, and the tropics, wher 
pressure variability was small. 

Of special significance was the unusual concentration of 
cyclone tracks in the United States. In both the Central 
Plains and the North Atlantic States there were mor 
cyclone passages than in any other part of the Westem 
Hemisphere. On the other hand, only a small number of 
storms were observed along the border between the 
United States and Canada, and along the St. Lawrence 
Valley, where cyclone frequency is normally large in 
winter [2]. In other words, ‘‘Colorado” Lows were 
abundant but “Alberta” Lows were scarce [3]. The 
principal cyclone track across the United States was there- 
fore located south of its normal position, corresponding to 
southward displacements of the mean jet stream (fig. 2) 
and the zonal axis of maximum interdiurnal pressure 
variability (fig. 3). These conditions were reflected in the 
presence, over most of the United States, of cyclomit 
curvature at nearly all levels of the troposphere (Chars 
XII to XV), below-normal heights at 700 mb. (fig. }) 
and lower-than-normal pressures at sea level (Chart X! 
inset). 

Thus the weather during December 1951 was unusual 
stormy and changeable in most of the United States 
State-wide precipitation averaged above normal in 40 0! 
the 48 States in the country, and snowfall was very heavy 
in the West and in the North (Chart IV). In the North 
east, recurrent fast-moving storms coated the countryside 
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with snow, sleet, or glaze, paralyzing transportation and 
disrupting communication in scores of large cities. A 
notable example was the storm of December 14, which 
cqused the worst traffic jams in the histories of Washing- 
ton, Baltimore, and Philadelphia, and was followed within 
, week by two similar storms. In Chicago, 33.4 inches of 
snow fell this month, a record for December and more 
than the normal amount for an entire winter. Snowfall 
was also unusually heavy in Watertown, N. Y., where 
%§ inches, the greatest amount since 1900, fell during 
November and December. In South Dakota, where State- 
wide precipitation averaged 259 percent of normal, ski- 
planes were used to provide emergency supplies to three 
towns isolated by snow drifts reported to be 15 feet high. 
Even California had its share of bad weather, as more 
than twice the normal amount of precipitation fell. On 
December 1, a 60 m. p. h. westerly gale in San Francisco 
was responsible for the temporary closing of the famous 
Golden Gate Bridge for the first time in its history. 
Strong winds also damaged power lines and citrus fruits 
in the San Fernando Valley. On the last 2 days of the 
month heavy snow produced avalanches and snowslides in 
the mountainous portions of the State.” 

The moisture for this month’s precipitation (Charts 
II and III) came from two primary sources, the Gulf of 
Mexico and the Pacific Ocean. Gulf moisture predom- 
inated from the Mississippi Valley to the Atlantic Coast, 
where southwesterly flow ahead of the trough was much 
stronger than normal at both 700 mb. (fig. 1) and sea 
level (Chart XI). Pacific moisture was responsible for 
most of the heavy precipitation observed from the 
Northern Plains and Rocky Mountain States westward 
to the Pacific Coast. By the time this Pacific air reached 
the eastern portion of the Plains most of its moisture had 
been precipitated west of the Continental Divide and its 
relative humidity had been lowered by foehn warming. 
At the same time this region was too far west to be 
affected by much Gulf moisture. As a result a narrow 
band of subnormal precipitation extended from southern 
Texas northeastward to Lake Superior. The deficiency 
of precipitation was particularly marked in central parts 
of Texas and Oklahoma, where less than 10 percent of 
hormal amounts fell (Chart III-B) and dust storms 
occurred. This region was just south of the principal 
cyclone track (fig. 4B) and had much stronger than 
normal westerly winds (fig. 1), so that the “rain-shadow” 
effect in the lee of the Rockies was unusually pronounced. 

The location of the principal cyclone track in the cen- 
tral United States was reflected in an intensified meridional 
"A more detailed discussion of West Coast storminess during December is given in the 


‘ollowing article by J. A. Carr. Other weather highlights during the month are discussed 
nthe February 1952 issue of Weatherwise, pp. 18-20, 
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gradient of surface temperature in most of the country 
(Chart I-A). This effect was superimposed upon the 
presence of stronger than normal southerly wind com- 
ponents at both sea level and aloft in the eastern half of 
the United States, while an excess of northerly flow gen- 
erally prevailed in the western half of the Nation. Asa 
result monthly mean temperatures were as much as 8° 
below normal] in parts of the Northwest and Northern 
Plains, but not far from normal in the Southwest; while 
positive anomalies exceeded 5° in portions of the South- 
east, but amounted to only a degree or two in the North- 
east (Chart I-B). The weather was especially warm in 
the East during the first decade of the month. Baltimore, 
Md., had its warmest December week in history from the 
4th to 11th, and daily high temperature records were 
broken in Washington, D. C. on the 7th (73° F.) and 9th 
and in Louisville, Ky. on the 6th. Another warm spell at 
the end of the month sent temperatures soaring to 90° 
in Fort Worth, Tex., on the 30th and 81° in Montgomery, 
Ala., on the 31st. On the other hand, record low tempera- 
tures were observed in Ely, Nev., on the 9th and Helena, 
Mont., on the 26th. 

It is interesting to note that the line of zero monthly 
mean temperature anomaly (Chart I~-B) practically coin- 
cided with the principal cyclone track (fig. 4B) in the 
region from Colorado to Lake Erie. This track may 
then be considered as a quasi-stationary frontal zone, 
separating cold continental polar and Arctic air masses 
to the north from warm maritime tropical and Pacific air 
to the south. This mean frontal zone was particularly 
well delineated in the Central Plains, where it separated 
temperature anomalies of as much as —4° in Kansas 
from anomalies of as much as +6° in Texas. This intensi- 
fication of the normal temperature difference between 
‘Texas and Kansas has been a characteristic and enigmatic 
feature of almost every season during the past 2 years [4]. 
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| AIRFLOW AND RAINFALL IN CALIFORNIA, DECEMBER 1-5, 195] 


J. A. CARR 
. WBAN Analysis Center, U. S. Weather Bureau, Washington, D. C. 7 


INTRODUCTION feature of the map is the wide belt of westerly winds ty 
the west of the advancing storm. During the following 


Widespread rainfall in California during the first 5 96 hours the High over the State moved inland so thai 


) days of December, 1951, was associated with a rapid 
| succession of storms moving across the Pacific Ocean 
under the influence of a broad westerly flow. This type 

of situation transports a great quantity of mofst air into 
| California in a direction normal to the mountain ranges. 
| As a result, the degree, or intensity, of the horizontal 
convergence and lifting is greater than normally associated 
with a cyclonic circulation. 

The following paragraphs will discuss the surface and 
700-mb. synoptic picture during this period and will 
describe the effects of the southward drift of the strong 
westerlies upon the precipitation pattern. 


SURFACE WEATHER 


On December 1, 1951, at 0630 GMT, an occulsion lay 
along the coast of California with four waves to the west 
| of it between 135° and 160° W. longitude. Figure 1 shows 
| the surface weather map some 18 hours later, when the 
second wave, now partially occluded, was approaching 


the western coast of the United States. An important 
Figure 2.—Surface chart, 1830 GMT, December 3, 1951. 
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} FIGURE 1.—Surface chart, 1830 GMT, December 2, 1951. Shading indicates areas of 23 =» 4 
active precipitation. Superimposed dashed lines show airflow parallel to 700-mb. ( 
contour lines (at 1500 GMT). Fiaure 3.—Surface chart, 1830 GMT, December 4, 1951. 
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TABLE 1.—Daily total rainfall and prevailing wind directions at sea level for selected stations in California 


Dee. 1 Dec. 2 Dee. 3 Dee. 4 Dac. § Percent of 
Station : 5 day total ner mal ee 
Rain Wind Rain Wind Rain Wind Rain Wind Rain Wind (inches) | ‘ 
California 
0.68 E N T E 0.82 E NW 1.70 68 
1.86| SSE 007| SSE 1.43| 8E 9 | SE NW 4.40 130 
159| SW 1.58 Ww 68 Ww ‘o7| NW 4.14 180 
1.48 8 8 8 “90 8 3.46 55 


belt of westerly winds extended from longitude 150° to northwest. But an even clearer picture of the airflow 
W. to northern California (fig. 2). from one day to the next is gained by superimposing the 
The map of December 4 (fig. 3) shows that a southeast- 700-mb. flow upon the surface map. This method brings 
ward moving mass of cold air had begun to invade the into sharper focus the transport of air masses represented 
coastal sections of Oregon and Washington. On this day only partially by the surface map, and makes it somewhat 
the pressure rose quite generally over the northeastern easier to interpret the surface map. 
Pacific Ocean as the regime of rain-bearing westerly winds Once again by reference to figure 1, the striking feature 
came to an end. On the following day, the fetch of of the weather map is the band of westerly flow which 
northwest winds extended from Los Angeles to the becomes even more important when seen in relation to 
Aleutian Chain. the upper flow. At once it becomes evident that the 
The rainfall amounts for four selected stations (table 1) westerly winds had a considerably longer fetch than was le 
are considerable and fairly representative of the rainfall apparent at the surface. Moreover, this band of winds > 
over the State during the 5-day period. The disruptive had already reached the coastline of northern California. P 
influence of the rugged terrain upon the surface wind At mid-morning, local time, the skies were clear over the tate 
direction is well illustrated by this table. In contrast, State as the rapidly moving ridge moved eastward beneath Be: 
the winds above Oakland, at the 700-mb. level (table 2) an area of diverging upper winds. Off the coast of north- ean 


are more representative and tend to underscore the ern California in the vicinity of 128° W., some ships re- VE 
association between the west-to-southwest winds and the ported a cloud cover just under the area where the upper a 
oceurrence of rain. flow becomes less anti-cyclonic in curvature. A: 


TaBLE 2.— Wind direction and speed at 700 mb., Oakland, Calif. 


aed Dee. 1 Dee. 2 Dec. 3 Dee. 4 Dee. 5 
Time (GMT) 


15 03 15 03 15 03 15 03 15 03 


Wind direction..| WSW| SW W W |NW/| NW 
Speed (knots) .__- 40 50 35 15 20 50 60 45 30 20 


Figures 4 to 6 are presented to give a more general Ee 
picture of the rainfall pattern over the Far West. They se } 
also show the spread of the rain area as the belt of strong f ~> 
westerly winds moved southward. An over-all picture i 
of the pressure distribution aloft during the first 5 days 
. of December is provided by figure 7, which shows the Be ae 
| departure from normal of the 700-mb. heights. Strong \, H 
! 


westerly flow relative to normal is suggested by the 
arrangement of isopleths of departure. (See the preceding 
article by Klein.) 


INFLUENCE OF THE 700-MB. FLOW 


In the preceding section it was pointed out that the : 
broad band of westerly winds was an important feature : 
Fiaure 4.—Precipitation chart for 24 hours ending 1230 GM'T, December 3, 1951. Slant 


" of the surface weather maps. By inspection alone, it 
— < 7 ~ 7 lines indicate trace to less than 0.5 in.; stipple, 0.5 in. to less than 1 in.; and black, 1 in. 
can be seen that the rainfall ceased when the winds shifted or above. (Maps prepared by the Raver Serviees Section.) 
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Fiaure 5.—Precipitation chart for 24 hours ending 1230 GMT, December 4, 1951. 


As with the surface flow, the upper contours indicated 
that an area of convergent flow would advance eastward 
toward the United States during the next 24 hours. Also, 
the upper airflow showed a strong belt of winds north of 
latitude 35° N., which would carry the rain area on a 
course slightly north of east and north of 35° N. The 
rainfall map for the following 24 hours (fig. 4) shows that 
this happened, and underscores the indications from the 
flow that the greatest eastward advance of the rain area 
would be over Washington and Oregon. 

On December 3 (fig. 2) it became evident that not only 
had the strong upper flow continued but that the winds 
had increased in speed. The strong cyclonic curvature 
of the contours observed along the northern half of the 
Pacific coast had decreased in intensity to the south. 
However, the westerly winds were stronger between 35° 
and 40° N. than they were 24 hours earlier. West of the 
front the rainfall was orographic in origin as can be de- 
duced by noting that the coastal stations reported no rain 
in progress. East of the front the areas of rainfall and 
cloud cover nearly coincided. Both ceased abruptly to 
the east of 112° W. where the upper flow was diverging 


rapidly. 


Figure 5 does not show any great difference from figure 
4, in so far as the eastward advance of the rain area is 


LL 


Figure 6.—Precipitation chart for 24 hours ending 1230 GMT, December 5, 1951. 


concerned, but it does show the southward movement of 
the rain area along the coast. There is also a suggestion 
that the axis of heaviest precipitation (east of the coastal 
ranges) was directed northeastward across Nevada toward 
Idaho. West of 155° W., the upper winds had turned to 
northwest indicating the increasing depth of the air mass 
behind the wave. This in itself supported the surface 
evidence that the Low at 145° W. would probably be the 
last of the series of waves noted on the first day of the 
month. 

In figure 3 the indications of the previous day became 
certainties as the belt of northwesterly winds dominated 
the region from the coast of northern California north- 
westward some 25° of longitude. With the strong belt of 
westerly winds extending to such low latitudes, the fronts 
moved rapidly inland over southern California, to produce 
the most intense rainfall of the five-day period. Strong 
convergent flow aloft, farther north, was also associated 
with heavy precipitation that was widespread throughout 
the State as shown in figure 6. 

The rain ended during the night as the fronts and the 
trough aloft moved eastward. This was the last of the 
rainfall for the time being, at least, as the ocean anti- 
cyclone, now north of 35° N., continued to build and 
dominated the California region for the next 5 days. 
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Ficure 7.—Chart of 700-mb. height departures from normal, December 1-5, 1951. The 
height departures are expressed in hundreds of geopotential feet. 
portion of the original map prepared by Extended Forecast Section.) 


(Enlarged copy of a 


225 


In conclusion, an interesting example of the relationship 
between the upper airflow and the occurrence of precipi- 
tation, discussed by Hawkins and Martin [1], might be 
pointed out. They find that the value of the departure 
from normal of the 700-mb. heights (fig. 7) at 40° N., 
120° W., plotted against the value of the departure from 
normal at 50° N., 130° W. minus the value at 30° N., 110° 
W. is related to the amount of rain that falls at Eureka 
during a 5-day period. It is interesting to note from 
their graph that the values in this case intersect at a 
point indicating a total of 2.00 in. or more during the 5- 
day period. Actually, Eureka received a total of 3.46 in. 
during the first 5 days of December. 
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December 1961 M. W. R. LXXIX—154 
Chart I. A. Average Temperature (°F.) at Surface, December 1951. 


B. Departure of Average Temperature from Normal (°F.), December 1951. 
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A. Based on reports from 800 Weather Bureau and cooperative stations. The monthly average is half the sum of the monthly 
average maximum and monthly average minimum, which are the average of the daily maxima and daily minima, respectively. 
B. Normal average monthly temperatures are computed for Weather Bureau stations having at least 10 years of record. 
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LXXIX—156 
Chart III. A. Departure of Precipitation from Normal (Inches), December 1951. 


B. Percentage of Normal Precipitation, December 1951. 
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Normal monthly precipitation amounts are computed for stations having at least 10 years of record. 
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Chart V. A. Percentage of Normal Snowfall, December 1951. 


B. Depth of Snow on Ground (Inches), 7:30 a. m. E.S.T., January 1, 1952. 


A. Amount of normal monthly snowfall is computed for Weather Bureau stations having at least 10 years of record. 
B. Shows depth currently on ground at 7:30 a.m. E.S.T., of the Tuesday nearest the end of the month. It is based on reports 
from Weather Bureau and cooperative stations. Dashed line shows greatest southern extent of snowcover during month. 
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Chart VI. A. Percentage of Sky Cover Between Sunrise and Sunset, December 1951. 
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B. Percentage of Normal Sky Cover Between Sunrise and Sunset, December 1951. 


A. In addition to cloudiness, sky cover includes obscuration of the sky by fog, smoke, snow, ete. Chart based on 
visual observations made hourly at Weather Bureau stations and averaged over the month. B. Computations 
of normal amount of sky cover are made for stations having at least 10 years of record. 
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December 1951. M. W. R. 
Chart VII. A. Possible December 1951. 
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A. Computed from total number of hours of observed sunshine in relation to total number of possible hours of 
sunshine during month. B. Normals are computed for stations having at least 10 years of record. 
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